Radiative Auxes from 1987A are still changing on times scales short compared to journal publication time scales. Much of what follows must, therefore, be regarded as subject to change without notice. Several conferences have been or will be devoted to the object, and their proceedings provide snapshots of our understanding at various moments Kafatos and Michalitsianos, 1988; Cannon, 1988; IAU, 1988 Wright, 1967; Lucke and Hodge, 1970) . A number of these stars have had their magnitudes and spectral types recorded (Sanduleak, 1970; Rousseau et al. , 1978) . One of them, catalogued as Sanduleak -69 202, appears to have given rise to the supernova. It had two close companions (also blue), and a number of authors suggested early on that a possible fourth, red, star might have been the actual progenitor (Fabian et al. , 1987; Heap and Lindley, 1987; Joss et al. , 1988; Testor, 1988) .
Several arguments, however, favor Sk -69' 202 itself as the culprit. First, careful photometry and astrometry (Blanco et al. , 1987; Walborn et al. , 1987; West et al. , 1987; White and Malin, 1987; Girard et al. , 1988) do not leave much excess light at any wavelength to be credited to a fourth star. Second, IUE spectroscopy during and after the event Sonneborn et al. , 1987) indicated that, when the supernova itself faded, only two stars remained, separated by the same distance as the previous 'companions.
Third, and requiring lengthier discussion, it has become clear that blue supergiants can produce core-collapse supernovae and that the resulting light curves, spectra, and so forth should look very much like the observations of 1987A.
Combining observations made before the Sanduleak star exploded with its behavior afterwards, we can describe the progenitor (Arnett, 1987; Grasberg et al. , 1987; Saio et a/. , 1988; Shigeyama et a/. , 1988; Woosley, 1988a; Woosley et al. , 1988) as a B3 Ia supergiant with T.rr (K) FIG. 1. Evolutionary track of a 20MO star which completes its hydrostatic evolution with a temperature and luminosity very similar to that of the progenitor of 1987A {shown as fourpointed star). The model had a metal abundance one-quarter solar, no mixing due to convective overshoot or semiconvection, and convection according to the Ledoux criterion. [From Woosley (1988a) (Trimble et a/. , 1973; Brunish and Truran, 1982; Maeder, 1987 solution to the equations of stellar structure (Paczynski, 1970 (Paczynski, , 1971 Saio et a/. , 1988; Woosley, 1988a ). Which path is followed by a particular real star will then be a similarly delicate function 'of that star s real properties -composition (including the amount of helium mixed into the envelope), angular momentum distribution, magnetic field structure, and so forth. Rotationally induced mixing (meridional circulation) may also be a significant factor (Weiss, Hillebrandt, and Truran, 1988 Baron, 1987; Mayle, Wilson, and Schramm, 1987; Suzuki, 1987a, 1987b; Spergel et al. , 1987; Suzuki and Sato, 1987; Bludman and Schinder, 1988 (Dar and Dado, 1987; Takahara and Sato, 1987; Raffelt and Seckel, 1988) (Arafune et al. , 1987; Krauss, 1987) . And the equivalence principle still holds (Long, 1988) .
One Inight have hoped that the neutrino burst properties would resolve the longstanding problem of whether ejection from Type-II supernovae occurs via a prompt or a delayed shock (Bruenn, 1987) , but the 19 official counts simply do not tell us enough about temperature versus time to distinguish the two (Bahcall, Spergel, and Press, 1988) .
As an alternative to ignoring the Mt. Blanc counts, it has been suggested that both bursts were real, the second resulting from further collapse to a black hole or from transition to strange quirk matter (De Rujula, 1987; Hillebrandt et al. , 1987b; Voskresensky et al. , 1987 (Koshiba, 1988) .
The new distribution is sufficiently isotropic for all 11 events to be induced P decays (rather than one or two direct electron scatterings being required). (Trimble, 1982) . Much the same applies to the specific case of 1987A, provided only that the envelope is that of a blue supergiant, compact and with a steep density gradient (Arnett, 1988a; Shigeyama et al. , 1988; Woosley, 1988a (McNaught, 1987a (McNaught, , 1987b (McNaught, , 1987c , (b) its peak bolometric luminosity of 9+3X 10"' ergsls (Catchpole et aI. , 1987; Barkat ( , 1988a ; courtesy . ra' (Arnett, 1988a; Woosley, 1988a ). We will return repeatedly to the topic of mixing in the progenitor and the ejecta (enhanced, as Woosley notes, by the reverse shock propagating into the ejecta).
The second important point is that total brightness would have declined catastrophically after day 40 (the dashed line in Fig. 3 (Phillips, , 1988b and in the line excitation mechanism (Lucy, 1988 ) turns out to be line and band emission (especially CO at 4.8lu, ) and powered from the center (Catchpole et al. , 1988) . In fact, so far, we have no evidence for any emission from dust heated by the event at any phase (Aitken et al. , 1988; Harvey et al. , 1988; Oliva et al. , 1988) . Another infrared line at 17.93@ (Moseley, Dwek, et al. , 1988) Kirshner, 1988 (Chevalier, 1988) , and ionized by the UV burst which marked shock breakout on 23 February . The continued increase in line flux indicates that the emitting material is about 10' cm out, thus the star must have become blue again 10000 -20000 yr ago. A prediction of this picture of the emitting gas is that strong soft-x-ray emission should turn on in about 10 yr, when the outermost ejecta reach the shell (Itoh, Hayakawa, et al. , 1987 Hamuy and Phillips (1988) . Notice in the figures that the two observatories have never precisely agreed, the SAAO points being brighter at all phases.
Next, as the energizing Aux continues to decline and leak out more directly, the object should experience an onset of strong infrared line cooling, in which the luminosity drops below 10 ergs/s (Fransson and Chevalier, 1988) , and is energized by the less powerful, but longerlived nuclide Co [half-life=272 days ].
Finally, if core collapse left a neutron star, we ought eventually to see it, either as an energizing pulsar that prevents the decline just described (Michel, Kennel, and Fowler, 1987; Bandiera, Pacini, and Sunyaev et al. , 1987) . These x rays were much earlier than expected, considerably fainter than expected, and showed no signs of the rapid rise and exponential fall anticipated. If they were the Compton-scattered y's, then the early onset could only mean that some Ni and Co were in zones of quite small optical depth, yet another piece of evidence for mixing (Itoh, Kunagai, et al. , 1987; Ebisuzaki and Shibazaki, 1988) , of a more thorough kind than that required for y-ray heating to contribute to the light curve at and beyond maximum light (Woosley, 1988a) .
How did these very deep layers find their way out so quickly' The energy released in the decays is comparable with the kinetic energy density of the local gas. Thus the surroundings are heated, expand, and push against the denser, cooler overlying layers. Such situations are Rayleigh-Taylor unstable and should lead to bubbles or plumes of Ni-Co rich material popping out (Aruett, 1988b; Woosley, 1988b Matz et al. (1987 Matz et al. ( , 1988 Fu and Arnett, 1988; Much puzzlement resulted from the report that the hard-x-ray Aux was varying suddenly and erratically (Makino et a/. , 1988a (Makino et a/. , , 1988b (Tanaka, 1988a) . This at least shoves all the rotten eggs into one basket, since no aspect of the soft-x-ray component is very well understood (Sec. VII). The proximity to SN 1987A of other bright x-ray sources, including the variable LMC X-1, has somewhat complicated the determination of cruxes and variabihty.
Finally, optical depths are much smaller in the infrared, permitting us to probe the entire remnant for nucleosynthesis products. Preliminary data have appeared at 8 -13@ from the European Southern Observatory was going on as the light curve began to rise and (perhaps) the first radiogenic fiux appeared at 25 -40 days. First, the optical polarization changed in intensity, position angle, and wavelength dependence (Schwarz and Mundt, 1987; Barrett, 1988; Couch, 1988; Feast, 1988) .
Several interpretations have been offered, including an overall spheroidal structure with axial ratio about 0.7 (Jeffery, 1987) and a fast-moving jet, presumably driven by Rayleigh-Taylor instabilities of hot underlying gas (Barrett, 1988) . This latter would imply a causal as well as a temporal connection with radiogenic break out. Couch (1988) Hanuschik, Theim, and Dachs, 1988; Larson, 1988; Phillips, , 1988b (Rees, 1987) or merging pair (Goldman, 1987) , which must then have hit previously existing material.
The large luminosity of the companion presents problems for any model in which the triggering energy goes out spherically, as one would expect for the initial ultraviolet burst (Hillebrandt, Hoflich, Schmidt, and Truran, 1987; Phinney, 1987) .
One of the groups reporting the companion has also found the supernova itself to be resolved from late March 1987 onward (Karovska et a/. , , 1988 Papaliolios et a/. , 1988) (Dwek, 1988) , or in visible light if dust and gas meI'ely reQect and scatter. The latter eA'ect has been seen (Crotts, 1988; Cxouiffes et a/. , 1988; Heathcote and Suntzeff, 1988; Rosa, 1988) in the form of two arcs or rings, about 30" and 50" from the supernova (in early 1988), and 5 -10" wide. The inner one, at least, is moving out at about 1. "8/month [v = 19c (Heathcote and Suntzeff, 1988) ], as was predicted from the geometry when they were first seen (Crotts, 1988 (Canizares, Kriss, and Feigelson, 1982) . The progenitor presumably had a standard red supergiant structure (since it displayed a typical SN II light curve) and had shed a dense wind late in life, thus accounting for both the x rays and strong radio emission (Weiler et a/. , 1982) as coming from the shocked region where ejecta encountered wind material (Chevalier, 1982) . Such x rays were not expected from 1987A, given its blue progenitor and faint, brief radio emission, indicative of only tenuous circumstellar material. Behavior of the narrow UV lines mentioned in Sec. IV.C suggests that denser stufF'is some 10' crn out and should not be shocked for several years. Nevertheless, the Ginga satellite saw x rays below 10 keV, beginning in August at the same time as the harder ones, addressed in Sec. VI. Eight months of monitoring (Makino et a/. , 1987 (Makino et a/. , , 1988a (Makino et a/. , , 1988b Tanaka, 1988a Tanaka, , 1988b have revealed complex, and seemingly correlated, variability in the hard and soft channels. Tanaka (1988b) Masai (1988) suggests that these objections are less severe if the collision is indeed with an isolated cloud rather than with a uniform circumstellar shell. But, third, the rapid fading on 23 January requires either a cloud with nH ) 10" cm, if the time scale is set by radiative cooling, or expansion at U )10 cm/s, if cooling is adiabatic. Neither seems terribly likely. Bandiera et al. (1988) have suggested as an alternative that the entire x-ray spectrum is being radiated by a central, pulsar-driven nebula, whose radiation we see through a rapidly varying screen of fragmented ejecta, accounting for the changes in both Aux and spectrum. Such a pulsar and nebula will inevitably contribute Aux at other wavelengths as well, and more detailed modeling is required to decide whether it can also fit with the observed light curve, 'the independent (y-ray) evidence for radiogenic energy input, and so forth. (Berezinsky and Ginzberg, 1987; Honda and Mori, 1987a, 1987b; Protheroe, 1987) . There is at most very marginal evidence for a TeV flux of about 3X10 ergs/s at the time of the January soft-x-ray flare (Kifune, 1988 (Srinivasan, 1985) .
Even if B P is currently small, the relict neutron star could be producing up to 2X10 ergs/s in x rays fueled by accretion. In the absence of exotic cooling mechanisms like pion condensates or strange quark matter, thermal x rays should persist until satellites sensitive enough to see them to have been launched (Nomoto and Tsuruta, 1988 
